Background: It is evident that social and behavioural factors influence on individuals' general health and quality of life. Nevertheless, information about the influence of dietary habits on oral health-related quality of life is limited; especially among patients with type 2 diabetes (T2D). The aim of this study was to examine the influence of dietary habits and clinical oral health indicators on oral health-related quality of life in individuals with and without T2D. Methods: A total of 149 T2D cases and 298 controls were recruited for this age and gender matched case-control study. Questionnaire-guided interviews were conducted to collect data about socio-demographic characteristics, consumption of food items per week (milk, meat, eggs, vegetables, fruits, sweets and bread) and oral impact on daily performance (OIDP). Plaque index, bleeding on probing, probing depth, tooth mobility, decayed, missing and filled teeth index (DMFT) and root caries were recorded. Results: Difficulty with eating and sleeping were more frequently reported by T2D cases (23.5% and 16.1%, respectively) than by the controls (10.7% and 5.0%, respectively) (P < 0.01). After adjusting for diabetic status, plaque index, bleeding on probing, probing depth, tooth mobility, root caries, and missing teeth, those with high consumption of milk and sweets, were more likely than those with low consumption to report any oral impact (OIDP > 0). The corresponding ORs were 1. 23 (1.01-4.89) and 2.10 (1.08-4.09), respectively. Participants with low consumption of meat and vegetables were more likely than their counterparts with high consumption to report any oral impact. The corresponding ORs were 0.46 (0.25-0. 83) and 0.38 (0.17-0.87), respectively. There was a significant interaction between diabetic status and meat consumption as well as between diabetic status and bread consumption. Conclusions: Oral impacts were more frequently reported in T2D cases than controls. Independent of diabetic-and oral clinical status, dietary habits discriminated between individuals with and without oral impacts. The influence of meat and bread consumption on OIDP varied significantly according to T2D status.
Background
Diabetes mellitus is a metabolic disorder characterised by chronic hyperglycaemia and disturbed carbohydrate, fat and protein metabolism and caused by defective insulin secretion, action, or both [1] . It is a major public health concern, with 380 million people afflicted worldwide. In 2014, The Middle East and North Africa had the highest age-adjusted global prevalence of diabetes (about 11%) and the prevalence in Sudan was about 18% [2] . Hyperglycaemia might lead to chronic, irreversible tissue damage. Long-term complications include nephropathy, retinopathy, neuropathy, cardiovascular diseases, peripheral vascular diseases, delayed healing and periodontal diseases [3] .
Oral diseases such as periodontal diseases and tooth loss strongly influence food intake and limit the quality and quantity of food consumed [4] . Moreover, dietary habits are considered as modifiable risk factors that influence diabetes development and glycaemic control [5] . It has been reported that having a healthy diet rich in fruits and vegetables reduces the risk of metabolic and cardiovascular diseases and their underlying mechanisms such as oxidative stress, inflammation and insulin resistance [6, 7] . Another point to be considered is that modifying the dietary habits is a challenge in diabetes management, as reported by patients with diabetes [8] .
In Sudan, several factors, such as changes in dietary habits and socio-economic status, have contributed to the increased prevalence of non-communicable diseases, including diabetes [9] . In many countries in The Middle East and North Africa, including Sudan, the traditional diet with high fibre and low fat and cholesterol content has changed towards a more westernised diet with high content of fat, sugar, and sodium [9] . It is reported that the daily per capita supplies of fat has increased in Sudan by 13%, from 1971 to 1997 [9] .
It is evident that social and behavioural factors -including dietary habits-influence on individuals' general health and quality of life [10] . Improving quality of life of type 2 diabetes (T2D) patients is regarded as an important target in diabetes management along with the medical care of this disease [11] . Health-related quality of life can be assessed by generic or disease specific questionnaires [12] . The multidimensional construct of oral health-related quality of life (OHRQoL) refers to the extent to which oral diseases impact on individual's normal functioning, and addressing the psycho-social consequences of oral diseases [13] . Information about the influence of dietary habits on OHRQoL is limited; especially among patients with chronic diseases such as T2D. This study aimed to examine the influence of dietary habits on OHRQoL in individuals with and without T2D. It was hypothesised that dietary habits associate with OHRQoL independent of socio-demographics and clinical oral health indicators, and that this association differs between individuals with and without T2D.
Methods

Study area and participants
The present study was designed as a gender and age matched case-control study with a ratio of 2 controls per 1 case. Sample size was calculated to be 450 using Openepi version 3.01 with a power of 90%, two-sided confidence level of 95%, alpha level of 0.05, ratio of controls to cases of 2, percentage of exposed controls of 50% and an odds ratio (OR) of 2 as a minimum difference between groups to be detected. The study participants were enrolled between July and December 2012. In total, 447 participants were included in the present study (149 T2D cases and 298 controls without the disease). The T2D patients were recruited from the dental clinic at Jaber Abol'ez Diabetes Centre; the main public specialised referral hospital for patients with diabetes in Khartoum state, with a daily average of 250 patients visiting the centre [14] . Diabetes was diagnosed by specialist physicians at the centre according to the criteria of the American Diabetes Association [15] . The eligibility criteria for enrolment were: (i) being diagnosed with T2D more than one year ago (for T2D cases), (ii) having at least 10 remaining natural teeth, (iii) no medication with antibiotics or steroidal and/or non-steroidal anti-inflammatory agents over the past 3 weeks, (iv) no immunosuppressive chemotherapy, no current acute illness, no professional periodontal treatment during the past 6 months and no pregnancy or lactation.
Participants in the control group (subjects without T2D) were recruited from the outpatient dental clinic at the Khartoum Dental Teaching Hospital; the main public referral hospital providing dental services in Khartoum state. The same eligibility criteria as mentioned above for patients with T2D were applied for recruitment of controls, except for being diagnosed with diabetes. Subjects without diabetes were asked about signs and symptoms of diabetes and if suspected, they were referred for confirmation.
Questionnaire-guided interview
All participants were interviewed in the dental clinic before the clinical examination by trained research assistants (three in total) using a structured questionnaire. The questionnaire consisted of three parts:
Socio-demographic characteristics
The first part of the questionnaire covered the sociodemographic characteristics such as: age, gender, marital status (married/unmarried), education (illiterate/literate), employment status (employed/unemployed) and ethnicity (Afro-Arab/African).
Food-frequency questionnaire
The second part of the questionnaire included questions about the dietary habits of the study participants. The questionnaire was adopted and modified from a study conducted in Sudan by Abdalla et al., [16] . Participants were asked about the frequency of their consumption of the following food items: milk, meat (white and red), eggs, vegetables, fruits, sweets and bread (reported as times/week). The variables were further dichotomised into high/low consumption with median values as a cut-off point: consumption of milk (high: >7 times/week, low: ≤7 times/week), consumption of meat (high: >8 times/week, low: ≤8 times/ week), consumption of eggs (high: >2 times/week, low: ≤2 times/week), consumption of vegetables (high: >7 times/ week, low: ≤7 times/week), consumption of fruits (high: >2 times/week, low: ≤2 times/week), consumption of sweets (high: >0 times/week, low: =0 times/week) and consumption of bread (high: >21 times/week, low: ≤21 times/week).
Oral impact on daily performance
The third part of the questionnaire gathered data about oral health-related quality of life using the Arabic version of the eight-item Oral Impact on Daily Performance inventory (OIDP) [17] . It includes the following items: "During the past 6 months, how often have problems with your mouth and teeth caused you any difficulty with: eating and chewing food; speaking and pronouncing clearly; cleaning teeth; sleeping and relaxing; smiling and showing teeth without embarrassment; maintaining usual emotional state; carrying out major work and social role; and enjoying contact with people". Each item was assessed using a 5-point scale: never affected =0, less than once a month =1, once or twice a month =2, once or twice a week =3 and every, or nearly every day =4. Each OIDP frequency item was further dichotomised, yielding the categories: 0 = never affected (including the original category 0), 1 = affected (including the original categories 1-4). An additive sum score of the dichotomised frequency items was constructed (range 0-8) and dichotomised into OIDP = 0 (no daily performance affected) and OIDP >0 (at least one daily performance affected).
Oral clinical examination
After completion of the interview, all participants underwent clinical examination of all teeth, except 3rd molars. A single examiner (HGM) conducted all examinations using standard dental chair, (N22) Color Coded Probe 2-4-6-8-10-12 mm markings, (NAB2) Color Coded Nabors Furcation Probe 3-6-9-12 mm markings, curette, mirror, probe, tweezers and cotton rolls. The examination comprised assessment of dental plaque using the Silness and Loe Index [18] (dichotomised into high/low using the median as a cut-off point), bleeding on probing (reported as percentage of teeth with bleeding on probing and dichotomised into high/low using the median as a cut-off point), tooth mobility index [19] (dichotomised into yes/no), periodontal probing depth (measured from the gingival margin to the base of the periodontal sulcus/pocket (mm) at four sites of each tooth (mesial, distal, buccal and lingual)) and dichotomised into (probing depth ≤ 4 mm, probing depth > 4 mm), root caries (yes/no) and decayed, missing and filled teeth index (DMFT) [20] , dichotomised into (DMFT =0 and DMFT >0).
Reliability test
The intra-examiner reliability of the solo examiner HGM was assessed by Cohen's kappa (κ) to estimate coefficients of agreement of dichotomous judgments in two different sessions [21] . For this purpose, the oral examination was repeated for 20 randomly selected participants, within 2 weeks from the first session [22] , and (κ) was calculated for tooth mobility (κ = 0.74), root caries (κ = 0.80), periodontal probing depth (κ = 0.88) and dental caries (κ = 1.00).
Statistical analyses
Differences in the socio-demographic and clinical characteristics between the T2D cases and controls were assessed using independent sample-T test for normally distributed continues variables and chi-square test for categorical variables. Chi-square test was also used to test the difference in the prevalence of each of the OIDP items between T2D cases and controls, as well as to test the differences in consumption of food items between participants with OIDP =0 and those with OIDP >0, and the analysis was stratified according to the T2D status. Conditional logistic regression analysis was conducted to calculate the crude and adjusted odds ratios (ORs) and their 95% confidence intervals (CI) for the association between consumption of different food items (high/low) and OIDP (OIDP =0, OIDP >0); adjusting for diabetic status, dental plaque index, bleeding on probing, tooth mobility, root caries, periodontal probing depth and missing teeth. The statistical interaction between the consumption of each of the food items and T2D was tested. Finally, multiple variables logistic regression analysis was stratified according to the T2D status to examine the direction of interactions.
Results
Characteristics of the study participants according to diabetic status
The socio-demographic and clinical characteristics of the study participants are presented in Table 1 . The mean age of both T2D cases and controls was 52.3 ± 10.4 years (range between 24 and 70 years) and 60% were women. There were no significant differences between T2D cases and controls regarding the socio-demographic characteristics investigated (marital status, education, employment status and ethnicity). Consumption of food items by diabetic status revealed that a lower proportion of T2D cases than of controls reported high consumption of milk, meat and sweets (P < 0.01), whereas a higher proportion of T2D cases than of controls reported high consumption of eggs and fruits (P < 0.05). The prevalences of dental plaque index, bleeding on probing, tooth mobility, periodontal probing depth > 4 mm, missing teeth and root caries were higher in patients with T2D than those without the disease (P < 0.01) ( Table 1) .
Reporting any oral impact (OIDP > 0) was significantly more prevalent in T2D cases (35.6%) than their counterparts without the disease (13.8%), (P < 0.01) ( Table 1) . Among the eight OIDP items investigated in the present study, difficulty with eating and sleeping were more frequently reported by T2D cases (23.5% and 16.1%, respectively) than by the controls (10.7% and 5.0%, respectively) (P < 0.01) (Fig. 1) .
Dietary habits, OIDP and type 2 diabetes
The bivariate associations between the consumption of the different food items and OIDP are presented in Table  2 , separately for T2D cases and controls. In T2D cases, there were no significant differences in the consumption of the food items between those with and without oral impacts. In the control group, low consumption of meat and vegetables was more frequently reported in participants with, than without oral impacts, whereas high consumption of sweets was most frequently reported in participants with oral impacts (P < 0.01).
The results from crude and adjusted conditional regression analysis, regressing OIDP on consumption of food items are presented in Table 3 . After adjusting for T2D Chi-square test Fig. 1 Prevalence of the eight OIDP items according to diabetic status. **P < 0.01 using chi-square test status and the possible confounding variables, those with high consumption of milk and sweets, were more likely than those with low consumption to report any oral impact. The corresponding ORs were 1.23 (1.01-4.89) and 2.10 (1.08-4.09), respectively. Moreover, participants with low consumption of meat and vegetables were more likely than their counterparts with high consumption to report any oral impact. The corresponding ORs were 0.46 (0.25-0.83) and 0.38 (0.17-0.87), respectively. There was a significant two-way interaction between the consumption of meat and T2D status as well as between consumption of bread and T2D status. The stratified analyses presented in Table 4 revealed that the difference in meat consumption was not statistically significant in T2D cases (OR: 0.97, 95% CI: 0.47-2.00), while in the control group, participants with high consumption of meat were less likely to report any oral impact than their counterparts having low consumption (OR: 0.22, 95% CI: 0.10-0.46). The results of bread consumption were not statistically significant in either T2D cases or controls. The corresponding ORs were 0.62 (0.27-1.45) and 2.68 (0.91-7.89), respectively.
Discussion
The present study shed, for the first time, light on the association between food consumption habits and OHRQoL in Sudanese adults with and without T2D; taking into consideration the potential variations in the sociodemographic-and clinical oral health indicators of the study population. The data indicated that independent of diabetic status; dietary habits significantly influenced the OIDP of the study participants. In addition, the impact of dietary habits on OIDP varied between those with and without T2D, having significant influence only among the control group. Patients-centered factors are believed to be an important aspect in diabetes management [23] . These factors reflect the patients' perception about their health condition regardless of the clinical measurements, which are often the main concern of health professionals. OIDP inventory is one of the tools by which OHRQoL can be assessed. The Arabic version of the OIDP utilised in the present study has been validated in the general population in Sudan, as well as among patients with mucocutaneous diseases [24, 25] . In general, the present study shows that Conditional logistic regression analysis adjusting for: T2D status, dental plaque index, bleeding on probing, tooth mobility, root caries, periodontal probing depth and missing teeth T2D adversely influenced the OIDP, as a higher proportion of T2D cases than of the controls reported any oral impacts. A possible explanation for such finding is that they also lack knowledge and awareness about the oral complications of diabetes [26] . An important factor which might influence how patients with diabetes perceive oral health is that they are already burdened by other non-oral medical complications of the disease and are therefore, less likely to seek oral health care [27] . When the eight OIDP items were investigated, difficulty with eating and sleeping were more frequently reported by T2D cases than by the controls. These results are in contrast with a previous study from the UK, where diabetic status did not discriminate between patients with and without oral impacts as measured by the Oral Health Impact Profile-49 (OHIP-49) questionnaire [28] . Another study conducted in U. S adults with diabetes revealed that patients with diabetes were less likely to seek oral health care [29] .Food-frequency questionnaire is a useful tool to assess how often each food item is consumed in a broad time frame such as times per day, week or month [30] . This tool has been used in case-control studies aimed to investigate the association between diet and chronic diseases [31] [32] [33] . The selection of food items included in the present study was based on the "traditional" meals most commonly consumed in Sudan; as the aim was not to assess the total dietary habits of the study participants. In general, the Sudanese food diet is essentially composed of cereals, meat, milk, eggs, fruits, and vegetables [34] .
Fibre-rich diet including fruits and vegetables has great benefit to general health. It has been reported to be associated with decreased incidence and mortality of obesityrelated diseases including cardiovascular diseases and diabetes [35] . A minimum of 5 servings of fruits and vegetables per day has been recommended by the World Health Organisation (WHO) as part of a person's healthy diet [36] . However, the present study revealed that the weekly consumption of vegetables was below the median (7 times/ week) in about 14.8% and 13.4% of the cases and controls, respectively; and only one participant in the control group reached the WHO recommended number of servings per day. Moreover, the weekly consumption of fruits was below the median (2 times/week) in about 63.1% and 77.2% of the cases and controls, respectively; and none of the study participants reached the WHO recommended portions. These figures indicate that the consumption of fruits and vegetables of the study participants is far less than the amount recommended by the WHO. This can be attributed to Logistic regression analysis adjusting for: dental plaque index, bleeding on probing, tooth mobility, root caries, periodontal probing depth and missing teeth insufficient income, high prices and unavailability of these food items [34] . Consumption of sweets increases the blood glucose levels and is considered as one of the risk factors for developing diabetes [37, 38] . Therefore, patients with the disease are usually under strict dietary control with low sweets consumption. Nevertheless, about 23% of the T2D patients in the present study reported high consumption of sweets. Consistent with the present findings, a high consumption of sweets among T2D patients was reported in a study conducted in urban Ghana [39] .
Most of studies that investigated the association between OHRQoL and food consumption have focused on chewing ability [40] [41] [42] [43] [44] . Khalifa et al., [43] assessed the association between perceived difficulty of chewing common Sudanese food items and OHRQoL among a sample of Sudanese adults ≥16 years old using the Oral Health Impact Profile (OHIP-14). They reported an OR of 2.33 (1.15-3.51) for those with chewing complain to report high OHIP scores. Another study from Japan concluded that patients' perception of chewing ability is related to OHRQoL in complete denture wearers using the same tool (OHIP-14) [41] . OIDP has been utilised to assess the association between OHRQoL and eating habits in British population aged 65 years and older [44] and in older Tanzanians [42] . Both studies indicated that compromised chewing ability adversely influenced their daily performances. The present study is the first to investigate the influence of food consumption on OHRQoL in T2D patients using the OIDP inventory. It seems that dietary habits did not influence the OIDP prevalence reported by participants with T2D. In contrast, consumption of meat, vegetables and sweets significantly influence the OIDP prevalence reported by participants in the control group.
One of the strengths of this study is that it took into consideration the variations in the oral clinical indicators between the study groups when investigating the association between dietary habits and OIDP. The socioeconomic variation is an important factor when studying the dietary habits of a specific population. In the present study, both T2D cases and controls were recruited from dental clinics under the public health system, within the same geographic area (1 km apart). Therefore, we assume that both clinics have the same catchment area. Moreover, the level of education was included in the analysis as a proxy variable for measuring the socio-economic status of the study participants [45] . Food-frequency questionnaire might be subjected to misreporting and/or re-call bias [46] . Nevertheless, the study participants were interviewed to gather data about their dietary habits, thus reducing the influence of these sources of bias. Another point to be considered is that the present study is a hospital-based study, as both the cases and controls were attending dental clinics and they probably presented with more severe oral diseases and treatment needs compared to their non-dental attendee counterparts.
Conclusions
Within the limitations of the present study, our data imply that oral impacts were more frequently reported by participants with T2D compared to those without diabetes. Independent of diabetic-and oral clinical status, dietary habits, in terms of consumption of meat, vegetables and sweets, discriminated between individuals with and without oral impacts. The influence of meat and bread consumption on OIDP varied significantly according to T2D status. The findings of the present study indicate the importance of maintaining balanced diet and the need for implementation of dietary counselling programmes for patients with T2D.
Abbreviations DMFT: Decayed missing and filled teeth index; OHRQoL: Oral health-related quality of life; OIDP: Oral impact on daily performance; T2D: Type 2 diabetes; κ: Cohen's kappa
